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PURPOSE: To stabilize combustion and reduce fiiel consumption by 
delaying opening/closing timings of an intake valve while advancing 
an exhaust valveduring tow speed and tow toad operation time, 
advancing the opening/ closing timings of both the intal^e valve and 
the exhaust valve during tow speed and high load operation time, 
and delaying the opening/closing timing of both the intal^e valve and 
the exhaust yalve during high speed operation time. 
CONSTITUTION: Valve timing mechanisms li, le are arranged 
between cam shafts 2i, 2e and cam pulleys 3i, 3e. while 
opening/closing timings of an exhaust valve is independently varied 
while varying phase angles. The valve timing adjust mechanism li of 
an intal^e valve is. for instance, provided with an inner housing 4i, an 
outer housing, a helical gear 6i. and a spline 17i. With the 
engagement thereof, a positional angle of the cam shaft 2i is varied 
in a rotational direction in respect to the cam pulley 3i. Such driving 
is performed by opening/ closing of a solenoid valve 7i which is 
controlled according to an operation condition by means of a control 
unit 31. with a hydraulic pressure in a hydraulic chamber 12i being 
varied. The same is true for the valve timing mechanism le of the 
exhaust valve. 
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(54) Title of the Invention: 



VARIABLE VALVE TIMING DEVICE FOR ENGINE 
(57) Abstract 
Objective: 

To provide a device to properly control intake and exhaust timing using a valve timing 
adjustment mechanism to change the phase angle relative to a crank shaft. 

Construction: 

[The present invention] is provided with a valve timing adjustment mechanism to 
independently change the phase angle of an intake-side camshaft and an exhaust-side 
camshaft relative to a crank shaft, wherein a control unit is constructed by driving the 
valve timing adjustment mechanism to delay the opening/closing timing of the intake 
valve at low rpm and low load, and concurrently to advance the opening/closing timing 
of the exhaust valve; to advance the opening/closing timing of the intake valve at low 
rpm and high load, and concurrently to advance the opening/closing timing of the exhaust 
valve; to delay the opening/closing timing of the intake valve at high rpm, and 
concurrently to delay the opening/closing timing of the exhaust valve. 
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What is claimed is: 

1. A variable valve timing device for an engine, wherein, the variable valve timing 
device comprises a variable valve timing device for an engine provided with an intake- 
side camshaft to drive the opening/closing of an intake valve, an exhaust-side camshaft to 
drive the opening/closing of an exhaust valve, a valve timing adjustment mechanism to 
independently change the phase angle of the intake-side camshaft and the exhaust-side 
camshaft relative to a crank shaft, a means to detect operating conditions for the engine 
and a control means to drive the valve timing adjustment mechanism according to the 
engine operating conditions, wherein the control means is constructed by driving the 
valve timing adjustment mechanism to delay the opening/closing timing of the intake 
valve at low rpm and low load, and concurrently to advance the opening/closing timing 
of the exhaust valve; to advance the opening/closing timing of the intake valve at low 
rpm and high load, and concurrently to advance the opening/closing timing of the exhaust 
valve; and to delay the opening/closing timing of the intake valve at high rpm, and 
concurrently to delay the opening/closing timing of the exhaust valve. 

2. The variable valve timing device for the engine according to Claim 1, wherein, in the 
valve timing adjustment mechanism, maximum displacement of the phase angle of the 
intake-side camshaft is set to be smaller than that of the exhaust-side camshaft relative to 
the crank shaft. 

3. The variable valve timing device for the engine according to Claim 1, wherein. The 
variable valve timing device for the engine is provided with an intake-side hydraulic 
actuator to change the phase angle of the intake-side camshaft relative to the crank shaft 
to a direction for advancing the opening/closing timing of the intake valve by reacting to 
a rise in hydraulic pressure; an intake-side electromagnetic valve to lower the hydraulic 
pressure led by the intake-side hydraulic actuator when there is non-electric conduction; 
an exhaust-side hydraulic actuator to change the phase angle of the exhaust-side camshaft 
relative to the crank shaft to a direction for delaying the opening/closing timing of the 
exhaust valve by reacting to a rise in hydraulic pressure; and an exhaust-side 
electromagnetic valve to lower the hydraulic pressure led by the exhaust-side hydraulic 
actuator when there is non-electric conduction. 

4. The variable valve timing device for the engine according to Claim 3, wherein. The 
variable valve timing device for the engine is provided with the control means to switch 
the opening/closing timing of the exhaust valve after switching the opening/closing 
timing of the intake valve under operating conditions to shift from low rpm and high load 
to high rpm. 
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DETAILED DESCRIPTION OF THE INVENTION 



[0001] 

Industrial field: 

The present invention relates to a variable valve timing device to change the phase angle 
relative to a crank shaft and to control the opening/closing timing of intake and exhaust 
valves according to engine operating conditions. 

[0002] 

Prior art and problem thereof: 

This type of variable valve timing device, for example, is disclosed in Japanese Utility 
Model Application Laid-Open No. Hei 2-72305, provided with a valve timing adjustment 
mechanism where the connection of a cam pulley and a camshaft via a helical gear 
reacting to hydraulic pressure and the control of the hydraulic pressure operated by the 
helical gear according to the engine operation state result in the movement of the helical 
gear in a direction of the axis of revolution and the relative revolution of the crank shaft 
and the camshaft. 
[0003] 

However, the valve timing adjustment mechanism is conventionally established only in 
the intake-side camshaft, and is designed so that lessening the valve overlap at low rpm 
and low load results in lowering the remaining gas ratio and stabilizes combustion. In the 
meantime, advancing the opening/closing timing of the intake valve at low rpm and high 
load restrains the gas mixture intaken by a cylinder discharged into an intake port in the 
vicinity of bottom dead center during the intake process and the enhancement of the 
intake filling efficiency. 

[0004] 

In a device for adjusting only the opening/closing timing of the intake valve, for example, 
in order to advance the closing timing of the intake valve at low rpm and high load, if the 
opening/closing timing is advanced, valve overlap becomes excessive, the remaining gas 
ratio increases and combustion is diminished. Further, it is impossible to delay the 
opening/closing timing of the intake valve while the valve overlap is increased at high 
rpm, with the problem that sufficient output cannot be obtained. 

[0005] 

Further, a device provided with a valve operation adjustment mechanism to selectively 
switch between multiple cams according to engine operating conditions and controlling 
the intake/exhaust timing or intake/exhaust volume has been conventionally known. 
However, in this case, the valve operation adjustment mechanism to switch between the 
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cams by corresponding to the intake and exhaust valves in each cyhnder has to be 
established, leading to the problem of increased cost (reference is made, for example, to 
Japanese Patent Application Laid-Open Nos. Sho 63-167016 and Sho 63-57805). 

[0006] 

The present invention, focuses on the problem, and has the objective of providing a 
device to control the intake/exhaust timing using a valve timing adjustment mechanism to 
change the phase angle relative to a crank shaft. 

[0007] 

Problem Resolution Means: 

The present invention is a variable valve timing device for an engine provided with an 
intake-side camshaft to drive the opening/closing of an intake valve, an exhaust-side 
camshaft to drive the opening/closing of an exhaust valve, a valve timing adjustment 
mechanism to independently change the phase angle of the intake-side camshaft and the 
exhaust-side camshaft relative to a crank shaft, a means to detect operating conditions for 
the engine and a control means to drive the valve timing adjustment mechanism 
according to the engine operating conditions, wherein the control means is constructed by 
driving the valve timing adjustment mechanism to delay the opening/closing timing of 
the intake valve at low rpm and low load, and concurrently to advance the 
opening/closing timing of the exhaust valve; to advance the opening/closing timing of the 
intake valve at low rpm and high load, and concurrently to advance the opening/closing 
timing of the exhaust valve; and to delay the opening/closing timing of the intake valve at 
high rpm, and concurrently to delay the opening/closing timing of the exhaust valve. 

[0008] 

In the invention according to Claim 2, in the valve timing adjustment mechanism, 
maximum displacement of the phase angle of the intake-side camshaft is set to be smaller 
than that of the exhaust-side camshaft relative to the crank shaft. 

[0009] 

The invention according to Claim 3 is provided with an intake-side hydraulic actuator to 
change the phase angle of the intake-side camshaft relative to the crank shaft to a 
direction for advancing the opening/closing timing of the intake valve by reacting to a 
rise in hydraulic pressure; an intake-side electromagnetic valve to lower the hydraulic 
pressure led by the intake-side hydraulic actuator when there is non-electric conduction; 
an exhaust-side hydraulic actuator to change the phase angle of the exhaust-side camshaft 
relative to the crank shaft to a direction for delaying the opening/closing timing of the 
exhaust valve by reacting to a rise in hydraulic pressure; and an exhaust-side 
electromagnetic valve to lower the hydraulic pressure led by the exhaust-side hydraulic 
actuator when there is non-electric conduction. 



[0010] 



The invention according to Claim 4 is provided with a control means to switch the 
opening/closing timing of the exhaust valve after switching the opening/closing timing of 
the intake valve under operating conditions to shift from low rpm and hi^ load to high, 
rpm. 

[0011] 

Operation: 

Advancing the opening/closing timing of the exhaust valve at low rpm and low load, and 
concurrently delaying the opening/closing timing of the intake valve and lessening the 
valve overlap result in restraining exhaust [gas] blown back into a cylinder from the 
exhaust port, reduces the remaining gas ratio and stabilizes combustion, and at the same 
time enhances idling stability reduces fuel costs. 

[0012] 

Advancing the opening/closing timing of the intake valve at low rpm and high load 
restrains the gas mixture intaken by the cylinder from being discharged into an intake 
port in the vicinity of a bottom dead center during the intake process and enhances intake 
filling efficiency. Also advancing the opening/closing timing of the exhaust valve avoids 
excessive valve overlap, reduces the remaining gas and increases the generated torque. 

[0013] 

Delaying the opening/closing of the intake valve at high rpm enhances the intake filling 
efficiency by utilizing the intake inertia supercharging effect. 

[0014] 

In the invention according to Claim 2, setting the maximum displacement of the phase 
angle of the intake-side camshaft to be smaller than that of the exhaust-side camshaft 
relative to the crank shaft increases valve overlap at high rpm when the opening/closing 
tiniing of both the intake valve and the exhaust valve are delayed, supercharging the 
exhaust [gas] due to a negative pressure wave generated within the exhaust pipe, reducing 
exhaust [gas] loss from being forced out, with improved output. In other words, negative 
pressure is generated due to exhaust gas migration within the exhaust pipe during the 
second half of the exhaust process. At the same time, inflow of the intake airflow into 
the cylinder during the overlap period enhances the supercharged effect of the exhaust 
gas. 

[00015] 
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The invention according to Claim 3 is constructed by lowering the hydraulic pressure led 
by the valve timing adjustment mechanism, delaying the opening/closing timing of the 
intake valve, and concurrently advancing the opening/closing timing of the exhaust valve, 
making it possible to secure the switch response to lessen the valve overlap at low rpm 
and low load when the discharged hydraulic pressure of the oil pump is low including 
when there is starting, and the startability and the idling stability can be maintained. 
Further, even when a failure of the hydraulic system causes insufficient generation of 
hydraulic pressure, delaying the opening/closing timing of the intake valve, and 
concurrently advancing the opening/closing timing of the exhaust valve and less;ening the 
valve overlap enable securing stable operation. 

[0016] 

The invention according to Claim 4 is constructed by switching the opening/closing 
timing of the exhaust valve after switching the opening/closing timing of the intake valve 
under the operating conditions to shift from low rpm and high load to high rpm, avoiding 
the simultaneous electric conduction of two electromagnetic valves and the generation of 
an oil hanuner effect where the hydraulic pressure led by each valve timing adjustment 
mechanism instantaneously ascends, preventing damage to the lubricating-system. 

[0017] 

Embodiment: 

Fig. 2 shows the mechanical construction of an embodiment of the present invention. 
[0018] 

In the diagram, symbol 2i represents a camshaft to drive the opening/closing of an intake 
valve (not shown), 2e represents a camshaft to drive the opening/closing of an exhaust 
valve (not shown), and 3i and 3e are cam pulleys where torque from a crank shaft (not 
shown) is transmitted via a timing belt 16. 

[0019] 

Valve timing adjustment mechanisms li and le are established between the camshafts 2i 
and 2e and the cam pulleys 3i and 3e, respectively, and they are designed to 
independently change the opening/closing timing of the intake valve and the exhaust 
valve by changing the phase angle of both according to the operating conditions. 

[0020] 

Barrel inner housings 4i and 4e are fastened to the ends of the camshafts 2i and 2e via 
bolts 15i and 15e, respectively. 

[0021] 
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Barrel outer housings 5i and 5e are rotatably fit into the outer circumferences of the inner 
housings 4i and 4e, respectively, and the cam pulleys 3i and 3e are integrally formed to 
the outer housings 5i and 5e, respectively. 

[0022] 

Ring-state helical gears 6i and 6e are respectively disposed between the inner housings 4i 
and 4e and the outer housings 5i and 5e. Helical splines 17i and 18i are formed around 
the inner and outer circumferences of the helical gear 6i, respectively, and helical splines 
17e and 18e are formed around the inner and outer circumferences of the helical gear 6e, 
respectively. The helical splines 17i and 17e are engaged v^ith the outer circumferences 
of the inner housings 4i and 4e, respectively; the helical splines 18i and 18e are engaged 
with the inner circumferences of the outer housings 5i and 5e, respectively; accompanied 
with the movement of the helical gears 6i and 6e axially, the inner housings 4i and 4e are 
relatively rotated with respect to the outer housings 5i and 5e, respectively; and the phase 
angles of the camshafts 2i and 2e in the rotative directions relative to the cam pulleys 3i 
and 3e are changed. 

[0023] 

The helical splines 17e and 18e of the helical gear 6e are respectively twisted in opposite 
directions relative to the helical splines 17i and 18i of the helical gear 6i, and are 
designed so that the movement of the helical gears 6i and 6e from the desired positions 
[sic] toward the right direction in the drawing resisted by return springs 13i and 13e 
results in rotating to the opposite direction from each other, and rotating the intake-side 
camshaft 2i in a direction for advancing the opening/closing timing of the intake valve, 
and the exhaust-side camshaft 2e in a direction for delaying the opening/closing timing of 
the exhaust valve. 

[0024] 

The retum springs 13i and 13e are disposed between the helical gears 6i and 6e and the 
inner housings 4i and 4e, respectively, with the retum springs 13i and 13e energizing the 
helical gears 6i and 6e toward the left direction in the diagram, maintaining the initial 
position [sic], respectively. 

[0025] 

Hydraulic chambers 12i and 12e are partitioned within the inner housings 4i and 4e, the 
outer housings 5i and 5e and the helical gears 6i and 6e, respectively. When the 
hydraulic pressure to the hydraulic chambers 12i and 12e ascends over a pre-determined 
value, the helical gears 6i and 6e move toward the right direction in the diagram while 
compressing the retum springs 12i and 12e, respectively. 

[0026] 
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With this design, when the helical gears 6i and 6e are situated at the initial positions [sic], 
as shown by the solid line in Fig. 3, the opening/closing timing of the intake valve is 
delayed, and concurrently, the opening/closing timing of the exhaust valve is advanced; 
and when the helical gears 6i and 6e are displaced at maximum, as shown by the broken 
line in Fig. 3, the opening/closing timing of the intake valve is advanced. Concurrently, 
the opening/closing timing of the exhaust valve is delayed. 

[0027] 

The maximum displacement 6i of the phase angle of the intake-side camshaft 2i relative 
to the crank shaft is set to be smaller than a maximum displacement 0e of the phase angle 
of the exhaust-side camshaft 2e by a pre-determined magnitude. 

[0028] 

The discharged hydraulic pressure from the oil pump 29 is induced into the hydraulic 
chambers 12i and 12e via axial holes 21i and 21e formed inside the camshafts 2i and 2e, 
an oil gallery 23 formed in a cylinder head 22, an orifice 26 and a main gallery 25 formed 
in a cylinder block 24, respectively. 

[0029] 

The electromagnetic valves 7i and 7e where the opening and closing are controlled 
according to the engine operating conditions are established at the other ends of the 
camshafts 2i and 2e, respectively. Electromagnetic valves 7i and 7e are designed such 
that the axial holes 21i and 21e are opened when there is non-electric conduction and the 
hydraulic pressure led to the hydraulic chambers 12i and 12e is lowered as shown in the 
diagram, and the axial holes 21i and 21e are blocked when there is electric conduction 
and the hydraulic pressure led to the hydraulic chambers 12i and 12e is increased, 
respectively. 

[0030] 

As a control means of the valve timing adjustment mechanisms 11 and le, electric 
conduction control unit 3 1 to control the electric conduction of the electromagnetic 
valves 7i and 7e is established, respectively. 

[0031] 

The control unit 31 enters an engine rpm signal, an intake air volume signal, a water 
temperature signal and a throttie valve switch signal, according to which operating 
conditions the electric conduction of the electromagnetic valves 71 and 7e are controlled, 
and the valve timing adjustment mechanisms li and le are operated. 

[0032] 
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As shown in Fig. 1, the control unit 31 drives the valve timing adjustment mechanisms li 
and le to delay the opening/closing timing of the intake valve by turning OFF both the 
electromagnetic valves 7i and 7e at low rpm and low load including when there is idling, 
and concurrently, to advance the opening/closing timing of the exhaust valve, to set the 
valve overlap for simultaneously opening the intake valve and the exhaust valve to be 
minimum; to turn ON the electromagnetic valve 7i at low rpin and high load, to turn OFF 
the electromagnetic valve 7e and to advance the opening/closing timing of the intake 
valve, and concurrently to advance the opening/closing timing of the exhaust valve and to 
set the valve overlap to be a mean value; to turn OFF the electromagnetic valve 7i at 
high rpm, to turn ON the electromagnetic valve 7e and to delay the opening/closing 
timing of the intake valve, and concurrently to delay the opening/closing timing of the 
exhaust valve and to increase the valve overlap. 

[0033] 

The control unit 31 halts the electric conduction of at least either the intake-side 
electromagnetic valve 7i or the exhaust-side electromagnetic valve 7e when there is 
operation to switch the opening/closing timing of the intake valve or the exhaust valve. 
In other words, when switching from low rpm and high load when the electromagnetic 
valve 7i is turned ON to high rpm when the electromagnetic valve 7e is turned ON, the 
electromagnetic valve 7i is turned OFF first, and then, the electromagnetic valve 7e is 
turned ON. Meaflwhile, when switching from high rpm when the electromagnetic valve 
7e is turned ON to low rpm and high load when the electromagnetic valve 7i is turned 
ON by having a pre-determined time difference, the electromagnetic valve 7e is turned 
OFF first, and then the electromagnetic valve 7i is turned ON after a pre-determined time 
difference has elapsed. 

[0034] 

The operation is described next. 
[0035] 

Setting the valve overlap to be minimum at low rpm and low load restrains exhaust [gas] 
blown back from the exhaust port into the cy Under, reduces the remaining gas ratio, 
stabilizing combustion reducing fuel costs. At the same time, idling stability is enhanced. 

[0036] 

Further, the valve timing adjustment mechanisms li and le are constructed by delaying 
the opening/closing timing of the intake valve at the initial position to lower the hydraulic 
pressure led to the hydraulic chambers 12i and 12e, respectively, and concurrently 
advancing the opening/closing timing of the exhaust valve, making it possible to secure 
the switch response at low rpm and low load when the discharged hydraulic pressure of 
the oil pump is low including when there is starting, and startability and idling stability 
can be maintained. Further, even when failure of the hydraulic system causes insufficient 
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generation of hydraulic pressure, delaying the opening/closing timing of the intake valve, 
and concurrently advancing the opening/closing timing of the exhaust valve and 
lessening the vaJve overlap enable securing stable startability. 

[0037] 

Advancing the opening/closing timing of the intake Valve at low rpm and high load 
restrains the gas mixture intaken by the cylinder from being discharged into the intake 
port in the vicinity of bottom dead center during the intake process and increases intake 
filling efficiency. Also advancing the opening/closing timing of the exhaust valve avoids 
excessive valve overlap, reduces the amount of remaining gas and increases generated 
torque. 

[0038] 

Delaying the opening/closing timing of the intake valve at high rpm results in increasing 
the intake filling efficiency by utilizing the inertial supercharging of the intake. 

[0039] 

Since the maximum displacement 9i of the phase angle of the intake-side camshaft 2i is 
set to be smaller than the maximum displacement 9e of the phase angle in the exhaust- 
side camshaft 2e relative to the crank shaft by a pre-determined magnitude, the valve 
overlap can be increased at high rpm when the opening/closing timing of both the intake 
valve and the exhaust valve are delayed. Increasing the valve overlap at high rpm 
enables obtaining a supercharging effect due to a negative pressure wave generated 
within the exhaust pipe, reduces exhaust [gas] loss due to its being forced out and 
improves output. Li other words, the negative pressure is generated due to exhaust gas 
migration within the exhaust pipe during the second half of the exhaust process; and 
inflow of the intake airflow into the cylinder during the overlap period results in 
increasing the supercharging effect of the exhaust gas. 

[0040] 

Electric conduction of at least either the intake-side electromagnetic valve 7i or the 
exhaust-side electromagnetic valve 7e is halted when there is operation to switch the 
opening/closing timing of the intake valve or the exhaust valve avoids simultaneous 
electric conduction of the intake-side electromagnetic valve 7i and the exhaust-side 
electromagnetic valve 7e and the generation of an oil hanuner effect instantaneously 
ascending the hydraulic pressure to be led by the valve timing adjustment mechanisms li 
and le, and prevents damage to the lubricating-system, respectively. 

[0041] 
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Efficacy of the Invention: 

As described, the present invention is a variable valve tiniing device provided with an 
intake-side camshaft to drive the opening/closing of the intake valve, an exhaust-side 
camshaft to drive the opening/closing of the exhaust valve, a valve timing adjustment 
mechanism to independently change the phase angles of the intake-side camshaft and the 
exhaust-side camshaft relative the crank shaft, the means to detect the engine operating 
conditions and the control means to drive the valve timing adjustment mechanism 
according to the engine operating conditions, wherein the control means is constructed by 
driving the valve timing adjustment mechanism to delay the opening/closing tiniing of 
the intake valve at low rpm and low load, and concurrently to advance the 
opening/closing timing of the exhaust valve; to advance the opening/closing timing of the 
intake valve at low rpm and high load, and concurrently to advance the opening/closing 
of the exhaust valve; to delay the opening/closing timing of the intake valve at high rpm, 
and concurrently to delay the opening/closing timing of the exhaust timing, so the 
intake/exhaust timing is properly controlled throughout the wide operating range, and 
both the torque improvement when there is low and medium revolution and the output 
improvement at high rpm can occur together. Further, in comparison with the 
conventional device provided with a valve operation adjustment mechanism to selectively 
switch between multiple cams according to flie engine operating conditions, while the 
same level of performance is obtained, drastic cost reduction can be realized. 

[0042] 

The invention according to Claim 2 sets the maximum displacement of the phase angle of 
the intake-side camshaft to be smaller than that of the exhaust-side camshaft relative to 
the crank shaft increases the valve overlap at high rpm when both the opening/closing 
timing of the intake valve and the exhaust valve are delayed, enabling obtaining a 
supercharging effect of exhaust [gas] due to the negative pressure wave generated within 
the exhaust pipe, reduces exhaust [gas] loss due to its being forced out and improved 
output 

[0043] 

Since the invention according to Claim 3 is constructed by lowering the hydraulic 
pressure led by the valve timing adjustment mechanism and delaying the opening/closing 
timing of the intake valve, concurrently advancing the opening/closing timing of the 
exhaust valve, it is possible to secure the switch response to lessen the valve overlap at 
low rpm and low load when the discharged hydraulic pressure of the oil pump is low, 
including when there is starting, and startability and idling stability can be maintained. 
Even when a failure of the hydraulic system causes insufficient generation of hydraulic 
pressure, delaying the opening/closing timing of the intake valve, and concurrently 
advancing the opening/closing timing of the exhaust valve and lessening the valve 
overlap enables the securing of a stable operability. 

[0044] 
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The invention according to Claim 4 is constructed by switching the opening/closing 
timing of the exhaust valve after switching the opening/closing timing of the intake valve 
under operating conditions to shift from low rpm and high load to high rpm, avoiding 
simultaneous electric conduction of two electromagnetic valves and the generation of an 
oil hammer effect where the hydraulic effect led by each valve timing adjustment 
mechanism instantaneously ascends, preventing damage to the lubricating system. 
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BRIEF DESCRIPTION OF DRAWING 



Fig. 1 is a characteristic diagram showing control details to switch the valve tuning in an 
embodiment of the present invention. 

Fig. 2 is a mechanical block diagram showing an embodiment of the present invention. 

Fig. 3 is a characteristic diagram of the valve timing switch showing an embodiment of 
the present invention. 

Description of symbols: 



li 


valve timing adjustment mechanism 


le 


valve timing adjustment mechanism 


2i 


intake-side canishaft 


2e 


exhaust-side camshaft 


7i 


intake-side electromagnetic valve 


7e 


exhaust-side electromagnetic valve 


12i 


hydraulic chamber 


12e 


hydraulic chamber 


13i 


return spring 


13e 


return spring 


control unit 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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